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ELECTRO-MOTIVE 12-710G7C ENGINE DATA
Specifications Common to EMD Series 710 (Tier2) Diesel Engines

TS s s gt o sro v o swes v v v smshin s 0 4 ATk R R Mo e 2 cycle —45° Vee
Crankcase and Oil Pan Construction .. .......oevioiieiiiri e Welded Steel
Borek SHORE: o b o s sammegnms 88 6 68 06 SHERMERFT @R b e 0 v 9-1/16" x 11°
Displacement Per Cylinder oo o soap iy v svmmamisinmm <is s srmnmbasss 710 cubic inches
Operating SPEEARANGEE . o v wv wemvine sase e wie b viasbio v biamalbaih s anp ity 350-900 RPM
PULLTOA0 SBEE o0 e oonieidian 554 6 p's bis sk simmaiorsaai we o e Bens prnsinesesls S0L030 900 RPM
Piston Speed @ Q00 RPM .. .. cvvvviciriivivniennnninines B e s e 1650 ft./min.
COAAMIEERION RAG o o coninee 400 8 SN 000 51050 WTRINIALN B 50 U0 508 B 950 W RT3 18:1
Al SyStatht TYPE o sy o o 0 sivmncsio-wnmy g mypne v S8 BTEEHE 08 NS0 3 S04 511 019 o0 o 44 5 Uniflow
Scavenging Air Supply . ....... . Centrifugal flow turbocharger driven by exhaust gas turbine and/or
engine gear drive through over-running clutch; two air aftercoolers
OIS ATIRIE o v.svim i viocr g w8 5 50 94 53 w0030 0 50w b bt w55 0w 43 s Ports in cylinder liner
BRRAUGE .. . s 6 o o 90 sch s sy misitinipse og we % S e Bdwoss Four valves in cylinder head
PASION COOMME .« « e v eevvme e nsiaseirassmsvniuuesnannnersenenns Qil - direct pressure steam
Mail Bearing LUBHCAtIoN . . . .« cvuuvrnvvimnaeeserien et Full pressure
Lube Ol PUMPS .« oo oovvvvvennnnnnrenneensas Main oil, piston cooling, scavenging engine driven,
positive displacement, helical gear type
Engine Overspeed Trip . . ... .+ e 9 SRS T £ A a5 AR AR Electronic
Governor, Speed Control. .. ......ooovvnen o Electro-Motive Diesel Electronic Control (EMDEC)
Fuel SUpply PUIIP . o vcvrvoevaeramenninseonininicucen Positive displacement, engine driven
Bkiel INJBCLORS:: 5 ics 436 wioivs o0 wowoms miswisinims si0 in nce om0 L85 27t Electronic unit injectors — needle valve
ok e A————— s R R e iy Air motors (2)
Jacket Water Cooling (Fresh) Water Pumips . . ...oovvvveiviiiiinennees Engine-driven centrifugal
Aftercooler Water PUMP. . ..o vvvvinvnrrrennninniiinnes Engine-driven centrifugal
Crankshaft Main Journal Diameter . .. ... .cviieinevii i 8-1/2”
CHPIN DIRHBIEL <+ s wo e von w0 0055 2 SRF 000 B0 50 £5 608 £ 52 03 w00 50 n on e mn e 6-1/2"
Pletor P DRAmeter, o oo 5o o csmmien v s s son sernocedio alb 50 43 G400 Y Yo g0 e pia s s s 3.68”

General Data — 710 Series Diesel Engines

Engine Model 12-716G7C
Maximum Allowable Engine Inclinations
Under Static (Permanent) Conditions 8¢ (Governor end low}
Trim: 11° (Flywheel end low)
List: 15¢
tInder Dynamic (Momentary) Conditions 150
Pitch:
Roll: 45°

All angles specified are for the engine (not vessel) and, in all cases, are relative to the true horizontal or true vertical axis. For example
if the engine is installed in the vessel with the flywheel end 2° low (trim), the engine can tolerate only an additional 9 ® permanent trim
(11° total static condition) or an additional 13° momentary pitch in the same direction (15° towal dynamic condition).
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ENGINE DATA

L Shutdown Cooling Pump

Engine Models 12-710G7C
Number of Cylinders 12
Number of Main Bearings 7
Power Rating — Continuous @ 900 RPM BHP 3000
kW 2240
BMEP - Nominal PS1 155
Tolal Displacement Cu.ln. 3520
Air Supply System
Intake Air Yolume
@ 14.7 PSI - 9°F CFM 9670
Fuel System
Fuel Supply Pump
-Sugtion Lift —Max. Ft, 12
Fuel Pressure @
Filter Inlet (From Pump) sl 50-90
Fuel Pvmp Capacities GrM 6
Lube Oil System
Pressure @ Normal Operating Temperature
(@ Governor Connection) PSI 60-100
Temperatures
To Engine (From Cooler) °F 186-211 (195" jacket water AMOT)
From Engine (To Cooler) 812 206-231 (195° jacket water AMOT)
Temperature Differcntial F 1723
Qil Pump Capacilics
Scavenging GPM 190
Main Lube Oil GPM 185
piston Cooling GPM 66
Lube Oif Consumption Rate
(Representative) Gal/Hr. 0206
Alarm Settings
L.OS, Lube Qil Switch
(@ Rated Speed PSI 26-30
a0 Hle Speed PsI 10-14
HOS, High Oil Temperature
@ Switch (Into Engine) 'g 238 alarm vatue {195° jacket water AMOT)
TOS, Turbo Lube Pump Low Oil Pressure
(Rising Pressure) PSI 10
Epacily, Turbo Bearing Priming and
GPM 3
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ENGINE DATA

Engine Models 12-716G7C
Jacket Water System
Jacket Water Flow Rate GPM 660-680 GPM (swith orifice per EMD drwng.)
Pressure Risc Across Fresh Water Pump
_{' Total System Pressure Drop) psi 67 (+4)
Temperatures
To Engine °F 175-190 (195° jacket water AMOT)
From Engine °F 185-200 (195" jacket water AMOT)
Temperature Rise Across
Lube Oil Cooler * 3-5
‘Temperature Rise Across Engine i 8-10
To Lubz Qif Cooler °F 170-183 (195" jacket water AMOT)
Heat Rejection Lo Jacket Water Keel Cocler
(No Fouling or Overload Included) BTUMin. 70,200
Jacket Water Flow Through Keel Cooler GPM 660-680 GPM
Jacket Water Temperature to Keel Cooler 9% 200 (195° jackel water AMOT)
Alarm Sctting
ETS. Enginc Waler Temperature {From Engine} °F 208 (193" jacket water AMOT)
Aftercooler Water System
Aftercooler Water Flow Rate GPM 300-320 (with orilices per EMD drwng.)
Pressure Rise Acrass Fresh Water Pump
(Total System Pressure Drop) P8t 31 (+4)
Temperatures
T'o Engine °F 110-120
From Engine °F 125-135
Temperature Rise ACross Aftercoolers °F 12-15
Heat Rejection to Aftercooler Keel Cooler
(No Fouling or Overload Included) BTU/Min. 19.800
Jacket Water Flow Through Keet Cooler GPM 300-320
Jacket Water Temperature to Keel Cooler °E 130
Air Starting System
Alr Starting Mators 2
Starting Air Pressure PSl 150 or 200
Air Starting Control Solenoid 24 Veolts DC
Exhaust System
Exhaust Back Pressure —  Maximum Allowable 5 inches H20
Exhaust Gas Volume CFM 18011
Exhaust Temperature °F 625°F
Engine Radiated Heat
BTU/min. 12,512 BTU/MIN

Radiation (Approx.)
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ENGINE TORQUE (ft-Ib

12-710G7C-T2 Engine
3000 BHP @ 900 RPM Continuous
US EPA Marine Tier 2 Compliant
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© Copyright 2004 Bectro-Motive Division, General Motors Corporation. Composed: 8/10/2004 MA Lagomarcino
All rights reserved. Neither th's document, nor any part thereof, may be Approved: 8/10/2004 TJ Paulson
reprinted without the expressed written consent of Beclro-Motive, Document No.: EPC08100401 Rev. None

Contact EMD Pow er Products,



BRAKE SPECIFIG FUEL CONSUMPTION {ibs./bhp-hr)

12-710G7C-T2 Engine
3000 BHP @ 900 RPM Continuous
US EPA Warine Tier 2 Compliant
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, DC 20460

2004 Model Year Certificate of Conformity

Manﬁfacmxer: General Motors Electro-Motive Division
Certificate Number: GMX-LOC-04-13

Effective Date: UEQ_ 19 2003

Date Issued: DES 19 2083

Merryhln Zaw-?&on, Direc!ar

Certification and Compliance Division
Office of Transportation and Adr Quality

Pursuant to Section 213 of the Clean Air Act (42 U.S.C. section 7547) and 40 CFR 92, and subject to the
terms and conditions prescribed in those provisions, this certificate of conformity is hereby issued with
respect to the remanufacturing kit which has been found to conform io applicable requirements and which
may be utilized with only the following locomotive engines, by engine family; locomotive model, and modsl

year, more fully described in the documentation required by 40 CFR Part 92 and produced in the stated
model year. :

Locomotive Engine Family: AGMXGO0710ES1

This certificate of conformity is conditional upon cornpliance of said manufacturer with the provisions of

40 CFR Part 92, Subpart D. Failure to comply with these provisions may render this certificate void ab
initio.
switch line haul
NOx [NOX FEL (switch): 81 | NOx FEL (linehaul): 5.5
pM [PM FEL (switch): .24 PM FEL (line haul): .20

This certificate of conformity covers only those locomotive remanufecturing kits which conform in all
material respects to the design specifications that applied to those kits more fully described in the
Application for Certification required by 40 CFR Part 92 and which are produced during the model year
siated on this certificate of the said manufacturer, as defined in 40 CFR Part 92.

Tt is a term of this certificate that the manufacturer shall consent to all inspections described in 40 CFR

92.215(d)(1) and 92.504 and authorized in a warrant or court order. Fallure to comply with the require-

ments of such a warrant or court order may lead to revocation or suspension of this certificate for reasons
specified in 40 CFR Part 92. It is also a term of this certificate that this certificate may be revoked or sus-
pended or rendered void ab initio for other reasons specified in 40 CFR Part 92.

This certificate does not cover locomotive engines sold, offered for sale, or introduced, or delivered for
introduction, into commerce in the U.S. prior to the effective date of the certificate.
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E1ISSION COMPLIANCE WITH EMD TWO-CYCLE DIESEL ENGINES

Sinca 1930, GM Electro-Motive (GM-EMD) nas produced
70,000 two-cycle engines, ranging in size from 600 HP
to 5500 HP. During that lime, many milestones have
heen achieved. Recent developments include design
enhancements to improve reliability and durability of the
GM-EMD engine while continuing to mest strict
Erissions regulzations as well as maintaining world-class
fuel economy.

In crder to improve emission and enging performance
for two-cydie diesel engines and o meet the challenges
of the various ragulatory reguirements, GM-EMD has
acceleraled ils gngine development program over the
past decade. To date, our engines comply with
Internationat Maritime Grganization {(IMO}standards and
U.S. Environmental Protection Agency Tier 1 and Tier2
marine emission standards - 40CFR 94, Several key
technologies have peen developed and introduced lo
meet these siringent regulatory requirements. As a result
of our continued investment, one of the most significant
accomplishments of the EMD two-cycle ciesel engineis
lhe reduction of emissions while minimizing any
degradation in fuel efficiency. In addition, all product
erhancements are subjected to Reliability Growth Tesls
(RGT)aswell as field-testing to ensure product reliability.
The GM-EMD enging has continued io demonstrate
unprecedented durability and refiability while maintaining
superior performance.

Marine Regulatory Requirements

The IMO requirements for marine diese! engines were
introduced in 1997 under Annex V| of MARPOL 73/78,
‘Regulations for the Prevention of _Air Pollution from
Ships', with the fundamental principle (o achieve a
worldwide uniform approach on maritme safety and
environmental proteclion. These standards will go into
effect, inthe United States, May 19, 2005 and will apply
retroactively to engines inslalled on consllnzcted vessgis
or engines that have undergone major convers.on
January 1, 2000 or later. Prior to the May 19, 2005 date,
annex VI cannol be enforced, uniess a Vessel's Flag
state decides to enacl those requirements on ships
under its control, such as the Uniled Siates did on
January 1,2004 under EPAmaring Tier 1 requirements’,
IMO standarcs set contentlimits on sulfur used inmarine

fuel oils (4.5% m/m) and emission limits for oxides of
nitrogen (NOx) based on the engine's maximum
operating speed-—revolutions per minute (RPM)}. The
NOx standard, which is shown in Figure 1, varies from
9.8 to 17.0 grams per kilowatt-hour (g/kW-hr) cavering
the entire range of prime movers in the marine industry.

MARPOL Annex V1 & U.S. EPA Tier 1 Marine

NOx Standards
18 4
47 by e NOxakW-he
\ <130 P
16 \ 130-2000 45 xRPI™
154 2000 a8

NOx gikW-w
=

13

12

11

10 -

3

g 250 500 750 1000 1250 1500 1750 2000
Engine Speed-RPM
; Figure 1

Future Regulations

In addilion to IMO’s MARPOL Annex Vi requirements,
the U.S. EPA has adopted more stringent emission
standerds under the Clean Air Act for new marine diesel
engines that will be installed an vessels flagged or
registered in the Uniled States. While Tier 1 slandards
are similar lo the internationally negoliated NOx limits
adopled by IMO, EPA's Tier 2 slandards are more
stringent on NOx emission and also include limits on
hydro carbons (HC), carbon monoxide (CO) and
particulate matter (PM) emissions?. The Tier 2 standards
will go into force in 2007 and will only apply to Category
1 and Category 2 marine diesel engines ranging in
engine output between 500 anc 8,000 kilowalls. These
engines are used for propulsion power o vessels, such
as tugboats and fishing vessels, as well as stand-alone
generators for auxiliary power and have a per cylinder
fuel displacement between 2.5 and 30 liters. Table 1
displays Category 2 Tier 2 standards. All EMD engines
are Category 2 engines.

HE

. 2004




One of the most effective

Table 1. EPA Marine Tier 7 Emission Standards for Category 2 Engines | means of controlling NOx
Dispiacement (D) NOx+THG co PM emission without losing fuel
gm® per cylinder g/kWh g/kWh glkWh efficiency is by reducing
50=D<15 7.8 5 0.27 combusilon air temperature
15=D<20 8.7 5 0.5 within the engine crankcase,
[Power < 3300 KW commonly referred to as
=D <20 9.8 5 0.5 airbox temperalure. For
Bower = 3300 KW example, reducing airbox
S5=D <25 9.8 5 0.5 temperature by 10 degrees
L&ﬁf_ﬂﬂ—-——'— 11 5 056 Fahrenheit resulls in 2 percent

As most ocean-going vessels
flagged in other couniries,

entering U.S. porls ar2
the EPA is currently

investigating whether it has the discretion under the
Clean Air Act 0 apply Tier 2 standards lo engines on
foreign vessels. Accordingly, the EPA has stated that
the United States will be participating in discussions lo
sdvocale a new set of stringent emission standards for
merine diesel engines that would apply to engines on
within IMO requirements.

both U.S. and foreign vessels

Introduction to Emission Control

The diesel enging is the most efficient and reliable prime.
mover available in the market. The high efficiency of

reduction in NOx with no fue!
consumption penalty. For

marine engines the availability of cooling water makes
this technology very atiractive. Improvements can be
made to the engine emission and fuel consumplion by
utilizing temperate sea water as a cooling medium to
decrease airbox temperature. Additionatly, fuel injection
equipment is a key factor in the formation of air fuel
mixture during the combustion process. Both
mechanical unit injectors (MU1) and electronic unit

injectors (EUI) have been used to successfully meet

tha diesel engine is atiributable to its ability to operate

at high pressures and temperatures during the
combustion process. Engines of this type running at

higher peak combustion temperalures, have grealer
NOx emissions. Higher pezk combustion temperatures
and the resulting NOx can be controlied by changing,
or retarding, fuel injection timing at beginning of injection
(BOH. For example, when BO! is retarded, a reduction
in combuslion {emperature and NOx occur. These
changes, although improving NOX, resullin an incregse

in fuel consumption. smoke, an

25 ilustrated in Figure 2.

d particulate emissions,

stringent emission standards.

_ EMD Emissions Testing

Although exhaus! emissions did not become regulated

_ until the mid 1970’s, EMD has been conducting engine

emissions lests for over 40 years, Today, we have five
onsite emissions test locations, a mobile emissions test
lab, and a designaled engine test location at the Argonne
National Laboratory Center for Transportation Research.

A nurmber of emission test applicalions are performed
al GM-EMD worldwide headquarters in LaGrange,
ilinois, to ensure emission compliance for the life of the
engine. Qur production piant has a designaled
emissions facility, which is uliized for quality control

l_

\ Effects of Injection ming Effects of BO on Fuel Consunption Effects of BOl on Smoke/Particulate
U s e 1 s
T %0 10 -
45 = e g2 104 4
g 23w ol e
i® 1- =z E 1 J Y pe i
3o ||3i "= F it
e W e3 P 3
12 | ° 1 l——— & 2
: N e 099 +— 0 :
! a5 -0 5 o A3 10 & 0 15 10 5
L__,_‘_Jﬂ"—" L BO1 - cog BTG B B0 dag BTOC
Figura 2

EMD Two-Cycle Engine Emissions Compliance - September, 2004
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during the production of engines. '_Fhis ensures gach
newly built engine meets the des:gngted gmissions
standards. Additionally, the EMD Emissa_ons_Facmly has
the latest equipment techno!qu. _whlch is us_eq for
Engine, locomotive and kit carttﬁcatlon. OLEF emissions
control team performs various testing in our
dynamomeler test cells for developing new emission
compliant products,

At the Argonne National Laboratqry, we ha.ve a
designated lab used to concuct emission testing in the

Figure 3

most tightly cantrolied em_rirc.mment allowing
adjustments. This allows our @missions researc@ tgam
to analyze formulations to dews_l op belter emissions
technology. Our relationship wnh Argonpe _Nat:onal
Laboratory as well as our multtpifa emns;:oqs tast
facilities demonsirate GM-EM_D s dedicalion lo
maintaining its |eadership in emissions technology.

Development of Emission Compliant
Engines

At GM-EMD, we have developed and applied
technologies based on regu!atory‘r_equiremenls while
maintaining focus on engin reliability and cost.

The technology utilized for meeting MO and EPA Marine
Tier 1 standards focused mainly on changes to the fuel
injgctor. An innovalive injector desi.gn, telfmed Cons}ant
Beginning of Injection (CBO) is being utilized to achieve

EMD Two-Cycle Engine Emissions Compliance - September, 2004

these certified emission levels, The advantage of the
CBOl inector is improved fuel consumplion durng partial
loads of the injector. The optimum injection timing is
built into the Injector Helix, (paterted feature}, ensuring
the injector timing procedure will not change. The 645
and 710 engines have been certified to meet IMO
requiremenls by using these injector designs. Figure 4
shows the 12-645FB engine IMO certification test
resulls.

MO Cortifications Test Results
424 12845FB  pemp 1264568
MO Requirement

11.5
E
% 1
5 108
=

E2 Cycle E3 Cycie

£3 (at 800 RPM)

Figure 4

As can be seen frem the certification resulls, the EMD
engines exceeded IMO requirements in excess of 10
percent. This margin has been provided to account for
varialion in product to ensure compliance with
regulations. GM-EMD has also developed a range of
additional options, which apply to the marine engine
market. These optons will furtrer reduce emissions or
allow for improved fuel efficiency under low emission
condiiions.

GM-EMD can supply the following compliant EPAMarine
Tier 1 marine engine emission kils, please contact your
authcrized EMD Distributor for details:

EMD 645 EPA Marine Tier 1 Emissions Kits
Engine Model Cylinders Per

Engine
645 E 8.12,16

645 E5,7.8 8,12,16,20

645 EB 8,12,16,20
645 EC 8,12,16

645 FB 8,12,16,20
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Tier 2 Marine EPA Certification

Emissions development for the Tier-2 710 series éngine
is complete. Since 1085, EMD has pr_oduced over 5,000
two-cycle EMD 710 engines, end during that time, many
milestones have been achieved, in regards 1o reliability.
durability, fuel economy, as well as emissionIs
certification. Significant rescurces were invesied‘ in
modeling the engine combuslion process utitizing
computational fluid dynamics (CF_D). Tlh1s pewly
developed technology is used for simulating engi_ne
gycle modeling o predict airbox temperature during
yarious engine performance- Figure 5 illustrates an
example CFD simutation of the 710 erjgir.e cur_npusimn
system analyzing the fuel injection, air-fuel mixing and
combustion evenls. :

; ZBBA 13_50599 :

Figure 5

The Tier-2 710 engine avolved from its predecessor,
the Tier-1 743 engine. The key changes to the Tier-2
spgine include @ New more efficient gftercomer‘ an
optimized power pack assembly, @ medified eiec}r{:azc
ynit injecter, an optimized ca mshajl, an efﬁgnen;
crankcase ventilation system and an optimized
wrbocharger. All of {hese improvemenis can'be used in
upgrades 1o existing engines. While the 71018 cgrre_miy
gemonstraling 2007 EPA Marine Tier-2 emissions
standards with an impressive 49% reduction in NOX
compared 10 IMO and EPA Tier-1 standards, an
additional achievement has been ihe reduction
particulale matter (P} by 50 percent. Figure 6 displays
results from the maringe emissions test.

MIVE

r EPA Marine T2 Emittion Teg Results

OEMDTHGIB-T2
nEPAMYING T2

Figure 6

Over the past threa years the 710 engine has ave raged
14,400 hotirs) between unscheduled
S pro it it can be counied on in the mos!
challenging asst ments: -An additional benefit of
'gmp;:{j_\,_:g'g._pp_ V¢ "_s’embiy..éérnponenls, anhanced
turbdé}_%ggggeg-;:-d_es:gps.'-}._and ‘optimized aftercooler core
designs is the reduclion in engine peak firing pressure.
Peak g;r’a'gsj_i_r'g-i'n; ne generales cyclical loading,
which determine the life of almost all engine
components. Lawer peak firing pressure reduces the
"'--'.amc')unifc;f stress on engine parts resulting in improved
refiability due to fewer failures over time.

An entire EMD cylinder assembly can be replacad within
four hours using basic hand tools. Furlhermare, the
ontire 710 engine can be inspected internally and
externally in two hours, wilth only 30 minutes necessary
to inspect major components. The ease of maintenance
is & value added benefil customers have found to be
just one of the many standards EMD has established
throughout ifs history.

Fuel efficiency has always been a concem for the
customer especially when it comes to meeting siringent
emission regulaticns. The 710 engine is the most fuel-
officient engine in its class. In fact, the Tier-2 16-710,
while emilting tess than maximum allowed, has
mainlained fuel efficiency neaf Tier-1 levels without
surrendering any horsepower. The chart below shows
the development of the GM-EMD 16 cylinder engines
over the last 40 years, The HP has tripled, while the
BSFC

has been improved or maintained, even duing emission
cedification.
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GM-EMD has an gxpansive worldwide network of
Authorized Distributors and Service Centers for Power,
Marine & Industrial engines. This value added support
provides readily available parts and hands-on service
to operalors across the glche.
(Endnotes)

On the Horizon

Looking ahead at future challenges in emission and
engine development We feel confident there is more
oom for positive growth for our 645 and 710 engine
iamiiies, Aswe developed the two-cycle engine fo meel
stringent emission standards it became apparent Ihat
the engine was nol only fuel-gfficient iriendly but also
upgradeable. “Erom the customers perspective, the
EMD two-cytle engine is highly reliable and a simple
engine 10 maintain, and we have kept it simple even
whan it comes o meating stringent emission standards.
The GM-EMD engine is truly the engine for tomorrow.

EMD Two-Cycle Engine Emissions Compliance - September, 2004

1 The U.S. Environmenial Protection Agency has adopted Tier
1 emission standards, which went into effect January 1, 2004
fhat are equivalent to MARPOL Annex V1. Specific details :or
MARPOL Annex VI can be obtained from the Iniernational
Mariime Organization web sit2 at www IMO.org.

z 5, full description of all U.S. EPAmarine ermission slandards
can be found in "Emission Standards for New Commaercial
Marine Diesel Enginas” (EPA420-F-89-043, Noverber 1868)
and at the EPA’s wep sile www.epa.goviotagimering.him.
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EMD 20-710G7B Marine Diesel Engine

available from your EMD authorized Power Preducts Distributor (contact infor

More details are
ebsite) or contact us directly at http://www.gmemd.com/ (select: Power/

mation available onourw
Marine/lndustrial)
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